Lipopolysaccharide (LPS) binding protein (LBP) plays an important role in regulating leukocyte responses to LPS. Remarkably, it may either augment these responses at low LBP concentrations or inhibit them at high concentrations.
INTRODUCTION
Recognition of lipopolysaccharide (endotoxin or LPS) by MD-2-TLR4 1,2 is an important determinant of the innate immune response to Gram-negative bacteria. Sensitive host responses to LPS are orchestrated by several LPS binding proteins. LBP, 3-5 a secreted protein found in the plasma and extravascular fluids, transfers LPS to CD14, 6 an LPS binding receptor that exists in soluble or membrane-bound forms. CD14 greatly increases host cell sensitivity to LPS by transferring LPS to the MD-2-TLR4 receptor complex. Sentinel responses to LPS often confer resistance to infection, whereas the response to LPS during uncontrolled infection contributes to the pathophysiology of severe sepsis and septic shock. Therefore, animal hosts have evolved numerous mechanisms for regulating the response to LPS. LBP can enhance or suppress the host response to LPS by mechanisms that depend on the LBP concentration. 7 Its ability to enhance the response to LPS may account for the impaired resistance to infection in LBPdeficient mice. 4, [8] [9] [10] [11] Optimal CD14-mediated cell stimu-
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Apolipoprotein A-II augments monocyte responses to LPS by suppressing the inhibitory activity of LPS-binding protein lation by LPS occurs at LBP concentrations that are considerably lower than those of normal human plasma. 7, 12 High acute-phase concentrations, such as those found in septic patients, can strongly inhibit cell responses to LPS. 13 Intraperitoneal LBP administration can rescue animals from the toxic effects of LPS or Gram-negative bacteria. 7 Thus, LBP may help to control the response to LPS when LBP levels rise in plasma 13 and extravascular fluids 9,14-16 during Gram-negative sepsis. The inhibitory activity of LBP may be explained, in part, by its ability to shuttle LPS into plasma lipoproteins, 17, 18 which can neutralize LPS bioactivity. Other inhibitory mechanisms of LBP are indicated by its ability to inhibit LPS in the absence of plasma. These mechanisms may involve the ability of LPS to form complexes with LBP that are internalized by membrane-bound CD14 (mCD14) but contribute little to signal transduction 19 and the ability of LBP to remove LPS that has already bound to mCD14 on cell surfaces. 20 We previously reported that a protein component of native HDL (nHDL) augments cell responses to LPS by suppressing the inhibitory activity of LBP. 12 Although this finding appears to contradict a widely-accepted view that nHDL and other plasma lipoproteins provide a host mechanism for controlling responses to LPS, 21 this apparent discrepancy can be explained by the ability of nHDL to differentially affect early and late (or prolonged) responses to LPS (discussed by Thompson and Kitchens 12 ). We found that, in the absence of nHDL, LBP inhibits the response to LPS at LBP concentrations that are equivalent to those in normal plasma (~3 µg/ml), whereas nHDL restores LPS bioactivity under these conditions. Therefore, we hypothesized that nHDL helps maintain sensitive host responses to LPS by suppressing LBP inhibitory activity.
In many septic patients, LBP levels increase dramatically, causing greater LPS inhibition, 12, 13 whereas circulating levels of HDL and its most abundant normal protein components, apolipoprotein (apo)A-I and apoA-II, decline sharply. 12, 22 The decline of HDL during acute inflammation and infection has been thought to impair the neutralization of circulating LPS. To the contrary, we found that LPS bound more rapidly to plasma lipoproteins in the serum of septic patients, even when HDL levels were low. 23 Septic patients also have lower levels of apoC-I, 12, 22, 24, 25 a predominantly HDL-associated protein that can enhance in vivo responses to LPS. 26 Thus, increased levels of LBP and decreased levels of nHDL during septic infection may help control the host response to LPS.
Our investigation of the protein components of nHDL revealed that apoA-II plays a major role in regulating the inhibitory activity of LBP in vitro. Here, we show direct evidence that LBP promotes the formation of large LPS aggregates that have little or no LPS bioactivity and that apoA-II suppresses this inhibitory activity of LBP by its unique ability to prevent LPS aggregation without directly inhibiting LPS bioactivity.
MATERIALS AND METHODS

Cells
THP-1 cells (a human monocyte cell line) were cultured in 1,25-dihydroxyvitamin D 3 (BioMol, Plymouth Meeting, PA, USA) for 4 days to induce mature monocyte characteristics. 20 The cells (5 × 10 5 cells/50 µl) were stimulated with LPS (usually 20 pg/ml) in suspension at 37ºC for 4 h in serum-free medium (SFM) containing RPMI-1640, 20 mM HEPES buffer pH 7.4 and 0.1 mg/ml bovine serum albumin (BSA) as previously described. 12 LPS, LBP, nHDL or apolipoproteins were added to the cells simultaneously. Tumor necrosis factor (TNF) was measured in cell-free supernatants by ELISA (BD Pharmingen, San Jose, CA, USA). To compensate for day-to-day variations in TNF production among groups of more than one experiment, the data from separate experiments were normalized to the average positive control value and expressed as mean ± SD.
High-density lipoproteins
nHDL was isolated from human, murine, or rabbit plasma containing EDTA by ultracentrifugal flotation in KBr (1.21 > d > 1.063) as previously described. 27 Murine HDLs were concentrated on Centricon YM-100 membranes (Millipore, St Louis, MO, USA) without significant loss of protein. The protein content of the HDL preparations was measured by the Pierce BCA assay (Pierce Chemical Co., Rockford, IL, USA) using BSA as a standard. To analyze HDL proteins, samples were heated to 100ºC for 5 min in SDS sample buffer with or without dithiothreitol (DTT), and the samples were run on 4-20% SDS-PAGE gradient gels and stained with Coomassie Blue. Human plasma was obtained by informed consent from healthy volunteers according to protocols approved by the Institutional Review Board (UT Southwestern Medical Center). Wild-type mice, ApoC-I knock-out mice, ApoE knockout mice, and ApoC-I/C-III/E triple knock-out mice (all C57BL/6 background) were from the breeding facility of Leiden University Medical Center. ApoA-I knock-out mice were kindly provided by Dr Philip Shaul (UT Southwestern Medical Center). ApoA-II knock-out mice 28 (stock #006258) were from The Jackson Laboratory (Bar Harbor, ME, USA). The animal protocol was approved by the Institutional Animal Care and Use Committee (UT Southwestern Medical Center) and by the Institutional Ethics Committee for Animal Care and Experimentation (Leiden University Medical Center). Freshly prepared normal rabbit plasma was obtained from Pel-Freez (Rogers, AR, USA).
Reagents
Purified human apolipoproteins A-II, C-I, and E were from BioDesign International (Saco, ME, USA) and apoA-I was a gift of Dr Peter Lerch (Swiss Red Cross, Bern, Switzerland). Synthetic apoC-I was made by total peptide synthesis of the mature (57 amino acids) protein (Protein Chemistry Technology Center, UT Southwestern Medical Center, Dallas, TX, USA). Recombinant human LBP was produced by baculovirus expression 20 
Western blotting and fluorography
Samples containing purified apolipoproteins, LBP, and [ 3 H]-LPS were mixed with Tris-glycine sample buffer without SDS or DTT and were run on 10% native PAGE gels and transferred to Immobilon-P membranes. Immunoblot detection antibodies were goat anti-human apoA-II-biotin (#12B-G1a), goat anti-human apoA-Ibiotin (#11B-G2b), goat anti-human apoC-I-biotin (#31B-G1a), all from Academy Biomedical (Houston, TX, USA), and goat anti-human apoE-biotin (#K74180B) from BioDesign (Saco, ME, USA). Rabbit anti-human LBP (#K1970602) was a gift of Dr Stephen Carroll (XOMA, Berkeley, CA, USA). Detection was by streptavidin-peroxidase or donkey anti-rabbit IgG-peroxidase followed by Enhanced Chemiluminescence on Hyperfilm ECL (Amersham Biosciences, Pittsburg, PA, USA). To detect [ 3 H]-LPS, the gels were fixed, incubated with Amplify Fluorographic Reagent (Amersham Biosciences, Piscataway, NJ, USA), dried, and exposed to film according to the manufacturer's instructions.
[ 3 H]-LPS was also detected on Immobilon-P membranes by soaking the membrane in Amplify Reagent and exposing the wet, plastic-wrapped membrane to film. To measure the bioactivity of LPS in different regions of the native gel, the corresponding gel piece was cut out of an unfixed gel and crushed with a Teflon pestle in a microcentrifuge tube containing gel running buffer. The crushed gel was centrifuged, and the eluted [ 3 H]-LPS was measured in the supernatant by liquid scintillation counting. The LPS concentration was determined by the known specific radioactivity of the [ 3 H]-LPS preparation. The LPS was then diluted in SFM, and its bioactivity was measured by the THP-1 cell response assay.
Statistical analysis
The data were analyzed using Prism v.5.0 software from GraphPad (San Diego, CA, USA). Significant differences (P < 0.05) from controls were determined by twotailed P-values of the unpaired t-test to compare means.
RESULTS
ApoA-II prevents LBP-mediated inhibition of LPS bioactivity
We previously showed 12 that LBP augments the response to LPS maximally at~10 -3 µg LBP/ml in serum-free conditions in the absence of HDL in both THP-1 cells and normal human monocytes. Higher concentrations of LBP increasingly inhibit the response to LPS. As shown in a representative experiment ( Fig. 1A) , HDL augments the response to LPS only when LBP is inhibitory (see Thompson and Kitchens 12 for detailed data and statistics). Similar results were obtained when IL-8 and IL-1β were used as response readouts. 12 In the experiments shown in Figure 1B , we tested the abilities of purified apolipoproteins to augment responses that were inhibited by LBP. The proteins tested are normally associated with HDL. ApoA-I and apoA-II constitute 65% and 20%, respectively, of the total HDL protein, and apoA-I, [30] [31] [32] apoE, 33 and apoC-I 26 are known to interact with LPS. As shown in Figure 1B , apoA-II was the most potent protein tested. The activity of 100 µg/ml of apoA-II exceeded that of 200 µg/ml of nHDL, whereas apoA-I was relatively weak, and little or no activity was observed using apoE and apoC-I. Human apoA-II normally exists as a homodimer; 34 in experiments not shown, we found that the activity of monomeric apoA-II was similar to that of the dimeric protein. The protein preparations had no stimulatory activity in the absence of LPS (data not shown).
We next tested effects of nHDLs that lacked specific apolipoproteins. HDL was prepared from the plasma of gene knock-out mice that lacked apoA-I, apoA-II, apoC-I, or apoE, and from triple knock-out mice that lacked apoC-I, apoC-III, and apoE; the HDL preparations were tested for their ability to augment the cell response to LPS in the presence of an inhibitory concentration of LBP. As shown in Figure 2 , the activity of apoA-II-deficient HDL was not significantly different from that of the control without HDL, whereas all of the other HDL preparations significantly increased the response to LPS. The activities of the HDLs from apoA-I, apoE, and apoC-I knock-out mice were not significantly different from that of wild-type HDL. HDL from apoC-I/C-III/E triple knock-out mice and human HDL were somewhat more active than the wild-type HDL. Similar results were obtained when the data were expressed as the fraction of the activity of wild-type HDL within each experiment (data not shown). The HDL preparations had no stimulatory activity in the absence of LPS (data not shown). The results suggest that the ability of nHDL to suppress LBP inhibitory activity is conferred principally by apoA-II and that apoA-I, apoC-I, apoE, and apoC-III do not make singularly important contributions.
To obtain a more abundant source of apoA-II-deficient HDL for apoA-II incorporation experiments, we turned to rabbit HDL, which contains little or no apoA-II due to low expression of the apoA2 gene. 35 Although rabbit HDL showed significant activity in our assay compared to the control without HDL (Fig. 3) , the activity of rabbit HDL was significantly lower than that of human HDL (Fig. 3 ). Analysis of HDL proteins on SDS-PAGE gels showed that apoA-II was undetectable in the rabbit HDL (Fig. 3B ). The incorporations were performed by incubating human apoA-II with rabbit plasma followed by HDL isolation from the plasma mixtures. The apoA-II content of the resulting HDL ( Fig. 3, lanes 3 and 4) were somewhat higher and lower, respectively, than that of human HDL (Fig. 3, lane 1) . Incorporation of purified human apoA-II into the rabbit HDL restored the activity to the same level as that of human HDL. In contrast, the incorporation of apoE (Fig. 3 , lane 5) had no effect on HDL activity in these assays. The results support the hypothesis that apoA-II plays a key role in augmenting the cell response to LPS by suppressing the inhibitory activity of LBP. The activity of nHDL requires apoA-II but not apoA-I, apoC-I, apoC-III, or apoE. THP-1 cells were stimulated with LPS as described in the caption to Figure 1 in the presence of an inhibitory concentration of LBP and 100 µg/ml of nHDL isolated from humans, wild-type mice, or apolipoprotein gene knock-out mice as indicated. TNF production is expressed as the fold change from the control (no HDL). Error bars denote mean ± SEM of duplicate determinations in 2-9 experiments (n = 4-18). All HDLs were significantly different from the control (P < 0.0001) except for apoA-II knock-out HDL (P = 0.2). Wild-type HDL was significantly different from apoA-II knock-out HDL (P = 0.0004), apoC-I/C-III/E knock-out HDL (P = 0.0013), and human HDL (P = 0.0019). 
ApoA-II does not bind to LBP
To begin to understand the mechanism of apoA-II activity in our assays, we first looked for evidence of a protein-protein interaction between apoA-II and LBP. Mobility shift analysis of the proteins on native polyacrylamide gels did not reveal significant evidence of association between apoA-II and LBP. As shown in Figure 4 , LBP migrated near the top of the native gels, whereas apoA-II migrated faster through the gel. Pre-incubation of equimolar mixtures of LBP and apoA-II in the presence or absence of LPS resulted in a shift of only a trace amount of the total apoA-II into the LBP region of the gel to a location that did not precisely correspond to the location of LBP. In other experiments (not shown), we were unable to demonstrate LBP binding to apoA-II on microtiter plates. The results suggest that apoA-II does not form complexes with LBP in the presence or absence of LPS; however, the possibility of a transient or lowaffinity interaction cannot be excluded.
ApoA-II prevents the formation of large inhibitory LPS-LBP complexes
We also explored the possibility that the activity of apoA-II involves its ability to alter the physical state of LPS. Mixtures of LPS and LBP can form LPS-LBP complexes of undetermined size that are internalized by mCD14 but have little ability to signal. 19 To test the hypothesis that apoA-II prevents the formation of such LPS-LBP complexes, we analyzed LPS-LBP interactions using fluorographic detection of [ 3 H]-LPS on native PAGE gels. LPS exists principally in aggregates, particularly in the presence of physiological culture medium (SFM), which contains divalent calcium ions.
ApoA-II prevents LBP inhibitory activity 369 Fig. 3 . Incorporation of apoA-II restores normal activity to apoA-II-poor nHDL. (A) Rabbit plasma, which contains very low concentrations of apoA-II, was incubated at 37ºC for 30 min with 400 µg/ml (3) of purified human apoA-II, the normal apoA-II concentration of human plasma, or with 133 µg apoA-II/ml (4) to allow apoA-II incorporation into HDL; human apoE (5) was used as a control at 50 µg/ml, the normal concentration of apoE in human plasma. The HDL was then isolated by ultracentrifugal flotation. THP-1 cells were stimulated with LPS as described in the caption to Figure 1 in the presence of an inhibitory concentration of LBP (1 µg/ml) and HDL (200 µg protein/ml) isolated from control human (1) or rabbit (2) plasma or HDL from rabbit plasma (3-5) containing the indicated apolipoproteins. Error bars are mean ± SEM of four determinations in two incorporation experiments. Significant differences from the activity of human HDL are denoted * P = 0.0163, ** P = 0.0043, *** P = 0.0001. (B) The above HDL preparations (5 µg protein) were separated on 4-20% SDS-PAGE gradient gels (reducing conditions), and the proteins were stained with Coomassie Blue. The lane numbers refer to the samples described in (A). 6) apoA-II, and (7) LBP + apoA-II. The mixtures were then run on 10% native gels and subjected to Western blotting to detect LBP (A) and apoA-II (B).
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As shown in Figure 5A , [ 3 H]-LPS ran at the top of the gel (lane 2), whereas the detergent effects of sodium deoxycholate (DOC) disaggregated the LPS 36 and greatly increased its mobility through the gel (lane 1). Increasing concentrations of LBP further decreased the mobility of [ 3 H]-LPS reflecting increased LPS-LBP complex sizes that ultimately became too large to enter the gel (Fig. 5A, lanes 2-5) . ApoA-II inhibited the ability of LBP concentrations below 30 µg/ml to increase the LPS aggregate size (Fig. 5A, lanes 6-9) . To confirm that LBP promoted the formation of complexes that were too large to enter the gel, we measured the recovery of [ 3 H]-LPS from the stacking gel wells (W). As shown in Figure 5B, To measure the bioactivity of the LPS applied to native gels, we measured the abilities of equal concentrations of [ 3 H]-LPS recovered from the well and from various gel fractions to stimulate TNF production by THP-1 cells. In each experiment, the reference standard for bioactive LPS was material recovered from the region designated 'T' in Figure 5A , derived from samples containing LPS alone. As shown in Figure 5C , the bioactivity of LPS-LBP complexes that were too large to enter the gel (LPS+LBP [W]) was greatly reduced compared to that of the LPS that entered the gel (LPS [T]). The LPS+LBP mixtures that entered the gel were fully active when assayed in the presence of the low concentration of LBP (1.54 ± 0.28 ng/ml TNF [n = 4], not shown in panel C). These data support the hypothesis that LBP reduces LPS bioactivity by promoting the formation of large complexes that have reduced ability to trigger TLR4. The LPS from mixtures of LPS, LBP, and apoA-II that migrated near the top of the gel (LPS+LBP+apoA-II [T]) had essentially full bioactivity in the presence of 0.001 µg/ml LBP. Some of the LPS from these mixtures ran as smaller, high-mobility aggregates, which had reduced LPS bioactivity (LPS+LBP+apoA-II [B]). However, the bioactivity was partially restored by incubating these smaller LPS aggregates with apoA-II and 370 Thompson, Berbée, Rensen, Kitchens Figure  6 . When LPS was pre-incubated for 30 min with high concentrations of LBP, the low bioactivity of the LPS could not be restored by subsequently adding apoA-II. However, apoA-II could restore approximately half of the activity if added 5 min after LBP. Taken together, these results suggest that LBP inhibits LPS bioactivity by promoting the formation of large LPS aggregates; this process is inhibited by apoA-II, and LBP inhibition rapidly becomes irreversible unless apoA-II is present.
HDL apolipoproteins disaggregate LPS, whereas apoA-II fails to bind and inhibit LPS bioactivity
A common property of apolipoproteins is their ability to bind lipids, and the ability to interact with LPS is a known property of several apolipoproteins; apoA-I can bind and inactivate LPS, and apoC-I and apoE can disaggregate LPS and modulate its bioactivity. 26, [30] [31] [32] [33] 37 To investigate further the interactions of apoA-II with LPS, we compared its ability to bind and disaggregate LPS with those of apoA-I, apoC-I, and apoE using native gel assays. To obtain a clear view of [ 3 H]-LPS-apolipoprotein co-migration, we reduced the ability of the medium to maintain a high state of LPS aggregation by eliminating calcium from the mixtures. As shown in Figure 7B , [ 3 H]-LPS ran near the top of the gel in the absence of apolipoproteins, whereas all of the apolipoproteins partially disaggregated the LPS. Similar results were obtained with monomeric apoA-II (data not shown). To determine whether the LPS remained bound to the apolipoproteins during migration through the gel, we transferred the material in the gels to membranes for Western blot detection of the proteins and fluorographic ApoA-II prevents LBP inhibitory activity 371 Fig. 6 . Rescue of LPS bioactivity by apoA-II is prevented by prolonged pre-incubation of LPS with LBP. LPS (20 pg/ml) was pre-incubated with PBS or 3 µg/ml of LBP at 37ºC for the indicated times. The mixtures were then incubated with THP-1 cells in the presence or absence of apoA-II (100 µg/ml) to measure LPS bioactivity as described in the caption to Figure 1 . Error bars denote mean ± SD (n = 4) of duplicate determinations in two experiments. detection of the transferred [ 3 H]-LPS. As shown in Figure 7C , the LPS did not significantly alter the mobility of apoA-II, and it showed little or no co-migration with apoA-II. In contrast, LPS altered the migration of the other apolipoproteins and co-migrated with a large fraction of each protein. The results suggest that apoA-II interacts transiently with LPS, whereas prolonged complex formation occurs between LPS and apoA-I, apoC-I, or apoE. The experiments shown in Figure 7 were also performed under conditions in which LPS and apolipoproteins were pre-incubated in SFM. Although the presence of the calcium component of SFM promoted more LPS aggregation and resulted in slower mobility of the LPS on the native gels, LPS altered the mobilities of apoA-I, apoC-I, and apoE, whereas the mobility of apoA-II was unaffected (data not shown). Taken together, these results suggest that apoA-II does not form complexes with LPS.
To determine the relative abilities of the apolipoproteins to inhibit LPS bioactivity, we incubated LPS with apoA-II and the other HDL-derived apolipoproteins and measured the abilities of the mixtures to stimulate THP-1 cells in the presence of a low stimulatory concentration of LBP that did not inhibit the cell response. As shown in Figure 8 , apoA-II caused little or no decrease in LPS bioactivity, whereas the other apolipoproteins were highly inhibitory. The results suggest that, unlike the other apolipoproteins tested, apoA-II has little or no capacity to bind LPS in a way that inhibits its bioactivity.
DISCUSSION
These results reveal a novel pro-inflammatory role for apoA-II in its ability to augment the bioactivity of bacterial LPS by preventing LBP-mediated inhibition. Although several other HDL-associated apolipoproteins have been reported to bind LPS and alter its bioactivity, 26, [30] [31] [32] [33] 37 to our knowledge, there are no previous reports of LPS interactions with apoA-II.
The findings suggest that the mechanism of the effects of apoA-II on LBP inhibitory activity involve its ability to prevent the formation of large LPS-LBP complexes in which LPS bioactivity is inhibited ( Fig. 5 ) combined with the relative inability of apoA-II to bind and inhibit LPS activity (Figs 7 and 8 ). However, we also found surprisingly low bioactivity in LPS that had been extensively disaggregated by the combined action of LBP and apoA-II ( Fig. 5 , gel region 'B') or by deoxycholate (data not shown). These observations may be consistent with a previous report that highly disaggregated or monomeric LPS has very little bioactivity in the presence of LBP. 38 Although monomeric LPS that is associated with soluble CD14 39 or MD-2 40 possesses a high degree of bioactivity, the ability of LBP to augment the bioactivity of LPS that is not already associated with such LPS receptors appears to depend on the interaction of LBP with aggregated LPS. The data thus show that LPS bioactivity is diminished both by excessive aggregation in the presence of high concentrations of LBP or by excessive disaggregation ( Fig. 5 ). It should be noted, however, that the loss of LPS bioactivity by disaggregation resulting from the combined action of apoA-II and LBP may occur only when the disaggregated LPS is separated from the original mixture of proteins ( Fig. 5, gel region  'B') . These mixtures show no significant loss of LPS activity if left undisturbed ( Fig. 5C [T] and Fig. 6 ).
Although we attribute the apoA-II mechanism to its direct effects on the physical state of LPS, the data do not exclude the possibility that protein-protein interactions between apoA-II and LBP could inhibit the formation of large LPS-LBP complexes. Others have shown that apoA-II can bind to phospholipid transfer protein (PLTP), 34 a member of the LBP family of lipid transfer proteins, 5 and that apoA-II can inhibit the activity of hepatic lipase. 34 However, we did not observe significant co-migration of apoA-II with LBP on native PAGE gels, suggesting that there may be little or no direct interaction between these two proteins. Others have shown evidence of apoA-I interactions with LBP, 41 but we found that it has relatively little ability to prevent LBP from inhibiting LPS activity (Fig. 1B) . The poor activity of apoA-I and the other apolipoproteins tested may be attributed, at least in part, to their ability to bind ( Fig. 7) and inhibit ( Fig. 8 ) LPS directly. Although apoA-II can result in a slight inhibition of LPS activity in the presence of very low concentrations of LBP ( Fig. 8) , apoA-II appears to have no inhibitory effects even at high concentrations in the presence of high concentrations of LBP ( Fig. 5C [T] and Fig. 6 ).
The ability of apoA-II to augment the response to LPS appears to be mechanistically different from that of apoC-I, an HDL component that has in vivo pro-inflammatory activity during LPS administration and Gramnegative bacterial infection. 26 These studies showed that apoC-I inhibits the clearance of circulating LPS, which may prolong its stimulatory activity, and that apoC-I also has LBP-like activity in macrophage cultures. The extent to which apoC-I can substitute for LBP in vivo is still unclear, since LBP-deficient mice have a pronounced defect in their ability to respond to low concentrations of LPS in whole blood ex vivo 42 and in one LBP knock-out model in vivo. 4 However, in vivo responses to LPS were not impaired in another LBP knock-out model. 42 Whereas low concentrations of apoC-I augment macrophage responses in the absence of LBP, 26 high apoC-I concentrations, such as those found in whole blood, are inhibitory (data not shown). In our monocyte cultures, apoC-I only slightly augmented the response in the presence of an inhibitory concentration of LBP (Fig.  1B ), and it inhibited LPS bioactivity when allowed time to bind to the LPS (Fig. 8) . Thus, in contrast to apoC-I, we found that apoA-II did not inhibit LPS bioactivity and that its ability to augment the response to LPS occurred only in the presence of inhibitory concentrations of LBP. Experiments are in progress to determine whether apoA-II has pro-inflammatory effects in vivo.
The amino acid sequences of mouse and human apoA-II differ by approximately 40%, and they produce contrasting effects on lipoprotein metabolism when expressed in transgenic mice. 34 Despite these differences, we found that the activity of wild-type mouse HDL was only slightly lower than that of human HDL in our assays (Fig. 2) . The more robust activity of human HDL may be attributed, in part, to its higher apoA-II content. The existence of homodimers due to the presence of a cysteine residue at position 6 is a unique feature of human apoA-II, in contrast to the apoA-II monomers that are found in other species. We tested both dimeric and monomeric human forms of apoA-II and found that they had identical effects on LBP activity. Although apoA-II is an abundant component of the plasma of humans, simians, rodents, and fish, it is either absent or expressed at low levels in rabbits, dogs, pigs, and chickens. Our experiments with rabbit HDL revealed a reduced, but partial, ability to suppress LBP inhibitory activity (Fig. 3) . These results raise the possibility that rabbit HDL contains unique proteins that may have apoA-II-like activity.
ApoA-II is the second most abundant protein constituent of HDL; however, despite many studies, its role in HDL metabolism is still unclear. 34 Studies in transgenic mice suggest that apoA-II can confer other proinflammatory properties to HDL, characterized by the inability of apoA-II-enriched HDL to protect against LDL oxidation and by its ability to stimulate lipid hydroperoxide formation and monocyte transmigration. 43 These pro-inflammatory activities of apoA-II have been linked to its pro-atherogenic properties in mouse models of atherosclerosis. Our findings expand the potential pro-inflammatory activities of apoA-II to the control of host responses to bacterial LPS, and they raise the possibility that apoA-II may play a role in antimicrobial host defense. 
